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Abstract 
Samples of electrodeposited fluxgate sensors with varying magnetostriction coefficient were manufactured and their 
noise was studied at various temperatures. We show that the noise component caused by magnetostriction is, under 
some conditions, dependent on temperature. The conditions affecting the temperature dependence of noise are also 
discussed. 
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1. Introduction 
Fluxgate sensors are often used to measure magnetic field at low frequency in environments where the temperature 
cannot be controlled. Offset stability of fluxgate has been extensively studied and effect of magnetostriction on it 
discussed in [1]. However, the dependence of noise on temperature was measured only on amorphous [2, 3] or 
nanocrystalline [4] cores. We have already shown that for electrodeposited crystalline cores the minimum noise is 
reached for zero-magnetostriction composition [5]. In this paper we study the temperature effect using six-layer 
magnetic shielding with internal thermostat. Our shielding has Dewar flask to isolate temperature-controlled 
environment from the magnetic shielding material so it has constant temperature and the measured noise is not affected 
by the change of shielding remanence. We acquired noise spectra in a 0.2Hz-200Hz band (lower frequency could not 
be measured due to temperature changes in time).  
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2. Electrodeposition process 
The cores have been electroplated using a classical Watts-type bath at 55°C on 0.25 mm thick fiberglass ring 
covered by 9 μm copper layer. The rings had 44 mm inner diameter and 48 mm external diameter. In order to produce 
samples with different magnetostriction we changed the current density of electroplating, which in turn modifies the 
composition of the electroplated film. Samples B01, B02 and B03 were electrodeposited using J = 16 mA/cm2 current 
density, which should give a minimum magnetostriction (81Ni19Fe composition). Samples BP1 and BP2 were 
electrodeposited using 32 mA/cm2 and 48 mA/cm2 current density, respectively,  yielding higher iron content in the 
composition and thus positive coefficient of magnetostriction. Sample BN1, on the other hand, was electrodeposited 
with only 11.2 mA/cm2, which causes higher content of nickel and, consequently, negative coefficient of 
magnetostriction [5]. Concrete values of magnetostriction are presented in Table 1. While sample B01 shows indeed 
low magnetostriction as expected, samples B02 and B03 shows slightly larger magnetostriction, but in any case it is 
still lower than the magnetostriction obtained with larger or lower current density. The electroplating time at J = 16 
mA/cm2 is 30 minutes, whereas for the other samples we changed the deposition time in inverse proportion to the 
current density to obtain a uniform thickness (estimated to be about 6 μm) in all samples independently on the current 
density. 
 
 
Figure 1. Structure of the electrodeposited cores (dimensions exaggerated for illustration) 
 
Table 1. Coefficients of magnetostriction of measured samples 
 J  (mA/cm2) Magnetostriction (-) 
BN1 11.2 -2.68·10-5 
B01 16 0.63·10-5 
B02 16 1.4*10-5 
B03 16 2.4·10-5 
BP 1 32 3·10-5 
BP 2 48 4.2·10-5 
 
3. Measurement setup 
The rings have then been used as core for fluxgate with excitation winding with 540 turns and 2.6  Ap-p excitation 
current at 30 kHz frequency. The pick-up coil had 450 turns and it was tuned by external capacitor (which was kept 
at room temperature).  The second harmonic of the voltage induced in the pick-up coil was extracted by means of a 
DSP lock-in amplifier. The sensor was placed in a thermally regulated shielding and its noise recorded in a 0.2 Hz to 
200 Hz frequency range with 50 averaging (no overlapping). The temperature in the shielding was changing at most 
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± 0.5 °C during the whole process of spectra measurement and averaging, so that the noise spectra measured was not 
influenced by the change of temperature, which we can consider constant from this point of view. 
 
Figure 2. Simplified schematic drawing of thermostatic shielding configuration 
4. Results 
The dependence of noise at 1 Hz and 10 Hz of all the electrodeposited sensors is shown inFigure 3 and Figure 4, 
respectively. As expected the cores electroplated with J = 16 mA/cm2 show lower noise then the cores electroplated 
with higher and lower current density, due to the magnetostriction. However, we observe that for some sensors, the 
noise is independent of temperature, while in others, the noise decreases with growing temperature. It is important to 
point out that the slope of temperature dependence in the latter is very similar in logarithmic scale, and therefore, the 
relative change in the noise is also similar.  
Figure 3: Noise 
amplitude spectrum densities of samples with varying magnetostriction at 1 Hz versus temperature 
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Figure 4: Noise amplitude spectrum densities of samples with varying magnetostriction at 10 Hz versus temperature 
Assuming that magnetostriction is the dominant cause of the noise in presented sensors, this indicates it is the 
magnetostriction noise itself what is temperature dependent. The cause of this unusual behaviour in supposedly 
identical sensors (B01, B02 and B03) is still unclear. As the electroplating was made at 55°C we expect that the rings 
might have mechanical stress at temperature lower than 55°C and this stress is reduced as the temperature increases 
and approaches the electroplating temperature. However, this phenomenon is observed only for some sensors. A 
possible explanation can be found in the cooling process of the cores after electroplating, because in some cases the 
cores where washed in running water (bringing to high rate cooling) whereas in others the cores were cooled down 
naturally at room temperature without thermal shock. This could give rise to mechanical stress in the electroplated 
film, which eventually vanishes as the temperature approaches the temperature the sample was electroplated at. This 
would also explain the scatter of noise observed at room temperature for sensors electroplated apparently under the 
same conditions (except for the cooling process). Unfortunately, this wasn’t considered before the process of 
electrodeposition and, therefore, the post-treatment of the cores was not documented. 
Acknowledgement 
This work has been supported by the Grant Agency of the Czech Republic (GACR) under the grant P102/12/2177. 
References 
[1] P. Ripka, M. Pribil, M. Butta (2015): Magnetostriction offset of fluxgate sensors, IEEE Trans. Magn. 51, Article#: 4000504 
[2] B. B. Narod, J. R. Bennest, J. O. Stromolsen, et al. (1985): An evaluation of the noise performance of Fe, Co, Si, and B amorphous-alloys in 
ring-core fluxgate magnetometers, Canadian J. of Physics 63, 1468-1472   
[3] Y. Nishio, F. Tohyama, N. Onishi (2007): The sensor temperature characteristics of a fluxgate magnetometer by a wide-range temperature test 
for a Mercury exploration satellite. Meas. Sci. Technol. 18, 2721 2730 
[4] D. Rühmer, S. Bögeholz, F. Ludwig, M. Schilling (2015): Vector fluxgate magnetometer for high operation temperatures up to 250 °C. Sens. 
Actuator A-Phys. 228, 118-124 
[5] M. Butta, M. Janosek, P. Ripka, L. Kraus, R. Kammouni (2014): Influence of magnetostriction of NiFe electroplated film on the noise of 
fluxgate, IEEE Trans. Magn. 50, Article#: 4006504 
-40 -20 0 20 40 60
10
100
1000
10000
Temperature (°C)
No
ise
 a
t 1
0 
Hz
 (p
T/
√H
z) BP2
BP1
BN1
B03
B02
B01
